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ABSTRACT 
/ W 7 &  

A review of literature (up to 1963) on the effects of immobilization reveals that 
bedrest has been evaluated i n  83 subjects (30 of whom were allowed to s i t  up) and water 
immersion i n  33 subiects. 
study. This precludes pooling of data to evaluate the significance of the findings. 
i s  concluded that bedrest deserves further study w i t h  special attention to include: wider 
variety of subjects in  regard to  age, training habits, and physical condition; identifica- 
t ion of physiological rhythms during bedrest; definition of changes i n  body composition; 
study of the mechanism of orthostatic hypotension following bedrest. 

There i s  a wide variety of experimental conditions in  each 
It 
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.' THE EFFECT OF BEDKEST ON VARIOUS PARAMETERS 

0 F P H YS IO LOG I CAL FUNCTION 

PART 1. REVIEW OF THE LITERATURE O N  THE PHYSIOLOGICAL 

EFFECTS OF IMMOBILIZATION 

By C. Vallbona, M. D., F. B. Vogt, M. D., D. Cardus, M. D., 

W. A. Spencer, M. D., and M. Walters, B. S .  

SUMMARY 

A review of the literature on the physiological effects of immobilization up to 
1963 reveals that the effect of bedrest has been evaluated in 83 subjects (30 of whom 
were allowed to sit up in bed) and the effect of water immersion in 33 subiects. There 
i s  a wide variety of experimental conditions in  each study which precludes any pooling 
of data to help evaluate the significance of some of the findings. 

I t  i s  concluded that the effect of bedrest deserves further study wi th  special 
attention to the following areas: 1) wider variety of subjects in regard to age, train- 
ing habits, and physical condition; 2) identification of the physiological rhythms during 
bedrest; 3) definit ion of changes in  body composition during recumbency; and 4) further 
study of the mechanism of orthostatic hypotension following bedrest. 

INTR0C)UCTION 

Numerous studies have been conducted on the physiological effects of immobili- 
zation. 
effects of prolonged bedrest or water immersion in healthy subjects. 
chronological list of the studies published to date. 
subjects studied and a brief outline of the experimental design. 
types of tests that were conducted in these subjects before (A), during (B), and after (C) 
the period of immobi I ization. 

The most pertinent studies, however, are those dealing wi th an evaluation of the 
Table 1 presents a 

The table indicates the number of 
Table 2 indicates the 

The information on the effects of bedrest has been compiled wi th  that of the effects 

Knowledge gained wi th  these two types of studies w i l l  help to evaluate more 
of water immersion, since both situations are analogues of the conditions prevail ing of 
zero gravity. 
cr i t ical ly the changes seen during prolonged weightlessness of space flights. 
abundant physiological data have been collected already in animals and in  man in the 
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TABLE 1 f 

CHRONOLOGICAL LIST OF THE STUDIES PUBLISHED TO DATE 
AND EXPERIMENTAL CONDiTIONS 

R E F .  # YEAR AUTHORS SUBJECTS PRE-IMMOBILIZATION PHASE IMMOBILIZATION PHASE POST-IMMOBILIZATION PHASE 
DURATION CONDITIONS DURATION CONDITIONS Dl'rlATION CONDITIONS 

1. 5 d a y s  Nea r  normal .tctlvity 1929 Cuthberison,  D. 8 4-5 days  "Sedentary h fe"  4-49 days  Prupprd u p  ~n bed 
Movements l imited 
One leg encased i n  wrl l -padded 

P e r f o r m i n g  nvrmal funct ions 

Var ious  amoun t s  of act ivi ty  
of the ward  

asteutomy spl int  with 
footplrcp anchored  

In some  cases the ut lwr l rg  w z s  
at tached to a sandbrg 

No massage was p v e n  

2. 1945 Tay lo r ,  H. L. 6 42 days  Treadmi l l  21 days  Up once a day fo r  10 minu tes  42 days  T r e r a m i l l  
E r i ckson ,  L. Psychomoto r  conditioning Bcdres l  Psv rhomnto r  rondiliwiinK 
Henschel ,  A. 
Keys,  A. 

3. 1948 Deitr ick,  J. E. 4 42-56 d a y s  C i l i s then ic s  for 1/2 hour  42-49 days P l n s t e r  C a s t s  28-42 days C a l i s t h e m r s  for l / 2  hour 
Whedon, G. D. 
Shorr, E. Walking fo r  I hour  Walking for I h o u r  

Swimming f o r  1/2 hour  

(the above 4 t imes /week)  

Swimming for  1/2 hour  

( the  &bow 4 t lmes /week)  

4. 1948 Spealman,  C. R. 4 24 hours  Bedres t  
Bixby, E. W. 
Wiley, J. L. 

5. 1949 Whedoa, G. D. 3 28-38 d a j s  C a l i s t h e N c s  f o r  1/2 hour  35 d a y s  P l a s t e r  C a s t s  35 days  Cdlisthenic,s io l / 2  h n  
Dei t r ick,  J. E. Swimming fo r  i/2 hour  Osci l la t ing Bed Swimming fo r  . h v  
Shor r ,  E.  Walking for I hour  2 sub jec t s  - 8 hour s lday  Walking irir I hor 

(the above 4 t imes/week)  13ub iec t  - 21 h o u r d d l v  ( the above 4 l i m e s ' w ( i k )  

6 ,  1950 Widdowson, E. 10 3 d a y s  Bedres t  4 hours  Stood or s . i t  UII ward 
McCance,  R. A. No m o r e  than two pi l lows 

7. 1961 Craybiel ,  A. 4 I day Unres t r i c t ed  14 d a y s  Wate r  immers ion  up to  neck 3 dnvs T c s l i n g  P r n w d i i r e s  
Clark,  B Tes t ing  p rocedures  In t anks  10 hours/day 

In bed o the rwise  
In whee lcha i r s  t o  toi le t ,  tanks.  

and tes t ing.  -- 
8 .  1961 Cravel ine,  D. E. I 14 days  Tes t ing  I d a y s  Wate r  immersion up t o  neck 14 d:ays Tr s t inp  Prorrdurrs 

Balke, 8. In t anks  23 I/2 hours/day 
MrKenzie ,  €3. E. Clad m Scuba Suit 
Hartman,  B. 

Coburn,  K. R. 5 h o u r s  (I) Rubber  sui t ,  r ubbe r   loves 
Chambers ,  R. M 23 h o u r s  (I) Rubber  hood (3) 
& F o r e s t ,  R .  E. 
Augerson,  W. S. 
Benson. V. G. 

- 
9. lYul Heckman, E. L. 7 I2 h o u r s  (5) Wate r  Immers ion  up to  neck Test ing P r o c e d u r e s  

10. 1961 Gravel ine,  D. E. 4 1 day Test ing:  Heat  6 hours  Complete  wa te r  immers ion ,  I day Test lng:  Heat 
Ba rna rd ,  G. W. Centr i fuge 12 hours  i W '  below wa te r  s u r f a c e  Centr i fuge 

T i l t  24 hours  Rubber  Suit Tl l t  
Psychomoto r  P a r t i a l  P r e s s u r e  Helmet  P s y r h o m o t m  
Musc le  s t r eng th  Miisrlr s t i  rnpth 

11. 1962 Benson, V. G. 12 Test ing:  18 h o u r s  Completp wa te r  i m m e r s i o n  Test ing.  Centrifuge 
Beckman, E. L. Conditioning to  centr i fuge F a r e  m a s k s  and brea th ing  
Caburn,  K. R. equipment  
Chambers ,  R. M. 

12. 1962 Gravel ine,  D. E. 5 Test ing 2 pe r iods  of SCUBA Suit with pa r t i a l  Test ing P r o c e d u r e s  
6 h a w s  p res s l r r e  he lme t  

With and  without tourniquet  
p ro tec t ion  

13. I962 Browse,  N. L. 11 3 - 9  daya Control  Group 12 sub lec i s  12 hours  (12) B e d r e s t  
Norma l  Ward  Routhe 2 days  ( I )  Calf Blood Flow Measuremen t  

15 hours in bed 
9 h o u r s  out  of bed 

3 d a y s  ( 2 )  
5 d a w  (2 )  

14. 1963 Brannon, E. W. 30 60 d a y s  ConLrol Group: 6 sub jec t s  60 d a y s  Bedres t  10 d a y s  Nvrm.i! act ivi ty  
POttS, P Res t r i c t ed  to  w a r d  Five different  condi t ions of O b s e r s a h o n  
Rockwwaod, C.  A. Given work  de ta i l s  e x e r c i s e  

E x e r c i s e  - 
15. IS63 Birkhead,  N. C. 4 18 days  Tes t ing  42 d a y s  Bedres t  18 d a y s  Retraining 

Blizzard,  J. J. Tra in ing  One P ~ l l a w  ObservaUon 
M y ,  J. W. 
Haupt, G .  J 

E r g o m r t r l c  e x e r c l s e s  fo r  
30 minu tes  - 2 t i m e d d a v  

Activity poss ib l e  in r ecumben t  
oos ihon  al lowed 

E r g o m e t r i c  e x e r c i s e s  for 
30 minu tcs  - 2 t m e d d a v  
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course of  orbital flights, their interpretation i s  di f f icult  because of restriction of measure- 
ments, lack of experimental control, and limitation of the number of subjects who can be 
studied under these experimental circumstances. Therefore, no attempt has been made 
here to review the significance of the studies reported. 

COMMENTS O N  PUBLISHED STUDIES 

Cuthbertson conducted one of the first studies of the effects of prolonged bedrest 
in  healthy human subjects i n  1929. 
bedrest for periods ranging from 9 to 12 days. 
a loss of sulphur, nitrogen, phosphorus and calcium (to a lesser degree) during bedrest. He 
did not comment on the increased urinary output of the subjects during bedrest, but he 
reported the values of 24-hour urine i n  three of his experiments. These values indicate a 
significant increase in  urinary output, especially at the beginning of bedrest. The meta- 
bolic changes were more profound at the in i t ia l  stages of bedrest and they seemed to level 
off as bedrest continues. This was especially evident i n  calcium losses. He attributed the 
losses of metabolic products to the decreased activity of  the musculoskeletal system and 
stated clearly the need for studies of longer duration to obtain clear cut trends of the 
changes observed. 

He kept eight subjects (six men and two women) on 
His observations, mainly metabolic, included 

The study of Taylor, Erickson, Henschel, and Keys’ was reported first i n  1945. 

Additional information was reported in  a second publication by Taylor, Henschel, 
Brozek, and Keys3 i n  1949. Six healthy subjects were studied during a period of physical 
conditioning (by means of various types of exercise) before they were placed on bedrest for 
three weeks (four subjects) or for four weeks (two subiects). Following bedrest the subjects 
underwent a six-week period of physicai reconditioning. The conditions of  bedrest were not 
strict since ecjch individual could be up and about for 10 minutes every day in order to per- 
form emunctory functions. 
vascular adaptation to postural changes. 
duals had a decreased tolerance to passive tilt as judged from the changes i n  pulse pressure 
and heart rate, but none of the subjects fainted during tilt. The passive tilt was carried 
out for 15 minutes wi th a foot board to support the weight of the body. Observations on 
the cardiovascular system include a significant decrease of the end systolic volume of the 
heart at the end of bedrest, as measured by a roentgenographic technique. There was an 
increase of the resting heart rate (by 0.41 beats per day in  the morning pulse rate and by 
0.67 beats per day i n  the evening pulse rate). These observations suggest an increase in 
sympathetic tone as a result of bedrest. Indeed an adrenergic reaction could account for 
the increase in the cardiac frequency and for a more forceful contracti l i ty of the myocardium 
(inotropic effect) which would result in more complete emptying of the ventricle wi th each 
stroke. However, an absolute increase in  stroke volume may not have occurred i f  the venous 

This may have prevented a greater deterioration of the cardio- 
Following the period of bedrest, a l l  the indivi- 

5 



return was significantly impaired at the end of bedrest. The "deconditioning" of the 
cardiovascular system was manifested also by an increase in the heart rate during exercise 
after bedrest. This response persisted for more than 16 days after bedrest. 
that measurements of blood pressure and heart rate were carried out only a t  the steady 
state of passive t i l t ,  for no data are available on the dynamic changes in these variables 
in the course of the t i l t  maneuver. The changes produced by passive tilt could be el ici ted 
st i l l  49 days following bedrest, but they were not detectable 72 days after bedrest. 
the subjects was evaluated also for a second period of bedrest following a herniorrhaphy. 
I t  i s  interesting that no significant difference was noted in the "deconditioning" of the 
cardiovascular system of this individual beiween the period of voluntary bedrest and the 
post-operative confinement . 

I t  i s  unfortunate 

One of 

The study of Deitrick, Whedon, and Shorr4 i s  a classic i n  the literature of the 
effects of bedrest. The study was conducted in four healthy young men for a period of 
six weeks (two subiects) and seven weeks (two subjects). These subjects did calisthenics, 
swam, and walked for a period of control of six to eight weeks. During bedrest the indi- 
viduals were placed in  bivalve casts that extended from the umbilicus to the toes, 
subjects were removed from the casts dai ly for hygiene purposes and for ergometer and 
t i l t  table tests. The rest conditions were more rigorous than in other studies, but i t  i s  
l ikely that the placement of the subjects in the body cast presented an added stress. The 
subjects of this study also exhibited marked deterioration of their tolerance to t i l t .  The 
tilts were conducted wi th  the feet supported by a foot board and the subjects remained in 
the t i l t  posture for 10 or 20 minutes unless fainting occurred in a shorter interval. Com- 
pared to pre-immobilization measurements, there was a decline of the total blood volume 
and a marked decrease in the exercise tolerance after immobilization as measured by 
Master and Schneider tests which showed the individual had an increase i n  the resting 
pulse rate and in the heart rate response to exercise. There was recovery of most of the 
physiological functions three to four weeks following the bedrest although the exercise 
tolerance was not recovered unti l  six weeks. Their study failed to show any decrease in 
the heart size; but T a y l ~ r ~ , ~ ,  in interpreting the data of Dei t r ick4 indicates that the tech- 
nique used by the latter authors probably was not accurate to measure the changes in the 
cardiac size. The dai ly testing of the subjects for ergometry and t i l t  tolerance increased 
the knowledge on the natural history of the effects of immobilization, but i t  i s  possible 
that this had a protective effect in preventing more venous "deconditioning" and f luid 
shifts from the extravascular compartment which would have occurred i f  the subject had 
remained horizontal 24 hours every day. There i s  a discre ancy between the weight 
changes in the study of Taylor2r3 and in that of Deitrick! Whereas Taylor observed a 
significant decrease in weight during the period of bedrest, Deitrick did not observe a 
Significant change. However, as Taylor points out, the caloric intake of subjects in the 
study of Deitrick was somewhat excessive for the metabolic demands imposed during the 
stay in bed. The metabolic measurements by Deitr ick indicate an increased nitrogen 
excretion which began on the f i f th  or sixth day of immobilization and reached its peak 

The 
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during the first half of the second week. There was an increased urinary and fecal excre- 
tion of calcium which reached a maximum by the fourth or f i f th week with a slight eleva- 
tion i n  serum calcium at the end of the immobilization period. There was no appreciable 
increase i n  urinary output during the bedrest period, but i n  a subsequent report i t  was indi- 
cated that the volume of  urine increased by 205 cc. during immobilization. There was an 
increase i n  the excretion of  phosphorus, total sulphur, sodium, and potassium during bed- 
rest. There was a lowering of the creatinine tolerance during immobilization and a signi- 
f icant decrease in  muscle mass and muscle strength of the immobilized limbs. The results 
of the study of the 17-ketosteroid excretion were contradictory, and only one subject 
showed a significant lowering of  this excretion. 

Spealman, Bixby, Wiley, and Newton5 evaluated the effect of bedrest on four 
subjects for 20 hours. They reported a decreased tolerance to tilt and to ergometry tests 
following bedrest. These effects were more marked when rest was attained i n  a cold 
environment. They reported also an increase in  concentration o f  hemoglobin following 
bedrest although the total circulating blood decreased by five per cent. 
design of  Spealman's study included testing of subjects under different environmental 
conditions before bedrest, and the data published do not permit establishing conclusively 
that the subjects' conditions at the start of bedrest were comparative to those at the onset 
of a l l  the experiments. The cbmges in rate during t i l t  may not be significant, and unfor- 
tunotely the values of blood pressure were not published. Although he attributed 
"deconditioning" to a decrease i n  blood volume, the supporting data are not sufficient to 
warrant this conclusion. 

The experimental I 

, daily; i t  was higher during the immobilization periods than during the control periods. 

7 
Widdowson and McCance studied the effect of bedrest over a period of 67 hours 
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A water load given to these subjects at the end of bedrest produced a normal diuretic 
effect which would not be expected if the plasma volume had been low. 
di f f icul t  to interpret since no other data are availabie in regard to blood volume, urinary 
output, etc. 

The results are 

The study of Graybiel and Clark8 i s  the first of a series of studies of the effects 
of prolonged water immersion. They evaluated the effect of water immersion for a period 
of four hours and two subsequent periods of three hours each, every day for two weeks. 
When the subjects were out of the water, they remained i n  bed and they used a wheel 
chair for transfer to the toi let and for transportation to and from the tank of water. T i l t  
studies (wi th foot board) were done throughout the experimental period. There was a 
drop in diastolic blood pressure as the number of periods of water immersion increased in 
the course of the experiment. 
four hours of immersion were sufficient to bring this effect out following the completion 
of the experiment. 
tolerate passive t i l t  withoilt any abnormal changes in heart rate or blood pressure. 
Throughout the period of study, the individuals slept wel l  but described a feeling of 
weakness. Their muscular strength was unchanged, but they had rj decreased exercise 
tolerance. The authors describe the physiological status resulting from water immersion 
as due to a "zeio G asthenia". 

Postural hypotension developed rapidly and approximately 

Four days were needed for the subjects to recover their ab i l i ty  to 

9 
Graveline and co-workers conducted a series of experiments to evaluate the 

He remained in aspecially bu i l t  tank 
effect of water immersion. The in i t ia l  study was conducted by Graveline, Balke, 
McKenzie, and Hartman on Graveline himself. 
for seven days total ly underwater except for his head. 
hygiene purposes. 
fatigue and a marked decrease in the tolerance to tilt. 
pulse pressure and an increase in diastolic blood pressure at the time of t i l t .  
the period of bedre;t, his white blood count and hemarocrit increased, the plasma 
globulins increased, and the albumin/globulin ratio decreased. 
of urine with a large output of nitrogen and electrolytes, but this effect of nitrogen 
urine elimination leveled off later on. 
very markedly as manifested by an increase in the heart rate in response to the accelera- 
t ive forces. Throughout the period of immersion he exhibited a drop in the blood pressure 
with essentially unchanged pulse pressure. The electrocardiogram revealed a decrease of 
the amplitude of the T waves. 
amines which later returned to normal. 
urinary corticoids remained normal throughout the experiment. 

He emerged once a day for 
The results of this study revealed that he exhibited rapidly a sense of 

Throughout 
He also showed a decrease in 

He had a large output 

His tolerance to positive G acceleration decreased 

There was an in i t ia l  increase in his output of catechol- 
His plasma corticoids were increased but the 

Beckman, Coburn, Chambers, DeForest, Augerson, and Bensop l o  reported on the 
results of a study of the effect of water immersion on one subject for f ive hours. 
appreciable change was noted in this individual's tolerance to  passive t i l t  or other 
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tests of physiological competence. O n  one other subject who was immersed for 23 hours, 
there was a diuresis and decreased specific gravity of the urine. The subject 
exhibited atr ial  tachycardia and syncope upon sitting after coming out of the water. 
Later he had an episode of paroxysmal tachycardia which reversed spontaneously. This 
subject had marked weight loss. In addition, five subjects were studied for a period of 
12 hours and these individuals had marked polyuria and decreased specific gravity wi th  
weight loss within a half of an hour. Their respiratory rate also increased. There was a 
marked increase in  serum phosphorus and a decrease in the albumin/globulin ratio as 
demonstrated by electrophoresis but increase in albumin/globulin ratio when albumin and 
globulins were measured wi th  precipitation technique. 
positive acceleration decreased very markedly. Their studies of lung compartments 
showed that during water immersion there was a marked change in the expiratory reserve 
volunie which decreased by 64 per cent while the inspiratory capacity increased by 32 
per cent. 
residual capacity was not measured, i t  i s  logical to assume that it decreased markedly. 

The tolerance of these individuals' 

The over-all effect in v i ta l  capacity was negligible. Although the functional 

Graveline and Barnard ' reported on studies conducted in four subjects who were 
submitted to periods of immersion of  6, 12, and 24 hours. Passive tilt after each of these 
periods caused CI marked increase in  heart rate and a decrease in  pulse pressure which had 
a negative and steep slope. The systolic blood pressure also had a negative and steep 
slope, but the diastolic pressure remained constant, the values being higher than at Oo. 
These individuals exhibited also lower tolerance to positive acceleration and to environ- 
mental heat. When these individuals were submitted to water immersion for six hours, they 
showed evidence of hemodilution, but i f  they remained under water for twenty-four hours 
they had hemoconcentration. 

The study of Benson, Beckman, Coburn, and Chambers l 2  was conducted by 12 
subjects who were professional skin divers. They were under water but wore helmets that 
permitted them to breathe against a positive pressure. They were subjected to a training 
period of positive acceleration before water immersion. After 18 hours of water immersion 
wi th  positive pressure breathing, these individuals showed a slight decrease of the toler- 
ance to positive acceleration. It i s  interesting that these individuals did not have water 
diuresis nor a decrease in specific gravity of the urine. These results are i n  contrast wi th  
those of Graveline9 who even in those individuals immersed in water and breathing under 
positive pressure was able to demonstrate a marked water diuresis and hyposthenuria. 

In a subsequent study, Graveline l 3  evaluated the effect of six hours of water 
immersion on f ive subjects who were immersed in water wi th  helmets to provide for pressure 
regulation and to decrease the "negative pressure breathing" effects of water immersion 
wi th  the head out. In these individuals he conducted cardiovascular and metabolic studies, 
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the results of which were reported separately. Graveline demonstrated the protective 
effect of intermittent inflation of tourniquets in the extremities. The same individuals 
who had exhibited postural hypotension during water immersion without toruniquets had 
good tolerance to t i l t  after an identical period of time of water immersion wi th  tourni- 
quets. The metabolic study of Graveline and Jackson 14 was aimed to document the 
phenomenon of diuresis resulting from water immersion and to study its mechanisms. 
After ini t ial  hemodilution they showed an increase in  the hematocrit of the blood of 
these individuals during immersion. The measurement of hematocrit was done upon 
emersion from the water. There was a decrease in the osmolality of the urine and 
polyuria. This effect of water immersion was attributed to an inhibit ion of antidiuretic 
hormone and aldosterone, secondary to the increased circulating blood volume which 
occurs during recumbency or during water immersion. A cardiovascular study conducted 
in these subjects showed that they had marked decrease in their tolerance to passive 
t i l t .  This was manifested by an increase in heart rate and a decrease in  the systolic 
blood pressure and i n  pulse pressure in spite of a marked increase in diastolic blood 
pressure. The slope of the diastolic blood pressure during t i l t  was f lat  or slightly posi- 
t ive on almost a l l  the subjects of Graveline's studies l 3  with the exception of two 
subjects who had a negative slope before they exhibited syncope. 

The study of Browse j 5  was conducted in 12 hospital subjects (presenting minor 
impairments) who remained in bed for 12 hoc;rs and in 5 subjects who remained in  bed 
for periods ranging from two to f ive days. His study was limited to evaluate the degree 
of blood flow through the calf, and the results of his study failed to reveal any signifi- 
cant change in the amount of f low through the inactive extremities. 
conclusion that bone demineralization and loss of muscle mass occurring during rest are 
not the result of a decreased blood flow to the inactive extremities. 

He reached the 

Brannon, Rockwood, and Potts l 6  reported on a method for evaluating the effect 
of bedrest on 30 subjects who were confined to bed for a period of 60 days. The study 
was oriented mainly to determine the effect of inactivi ty on the weight bearing joints, 
skeletal demineralization, and muscular "deconditioning". 
of six subjects each; each group being submitted to a different regime of bedrest wi th  
different types of isotonic or isometric exercises. The subjects were allowed to sit up 
in bed during the study. 
conducted on these subjects, the results are not available. They indicated, however, 
that these subjects had loss of muscular mass in the legs which could have been loss of 
f luid and that those who were submitted to rest without exercise had dizziness, unsteady 
gait, low back pain, and fat igabi l i ty when normal activit ies were resumed. They failed 
to show any calcium depletion, and no X-ray changes were noted by the c l in ical  method 
that they used to evaluate this particular aspect of bone. 
metric exercises were useful i n  preventing some of the symptomatology of the individuals. 

They established f ive groups 

Although several metabolic and cardiovascular tests were 

They indicated that the iso- 
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. 
They concluded that a small amount of exercise i s  sufficient to prevent loss of muscle mass 
and bone demineralization. 

Birkhead, Blizzard, Daly, Haupt, Issekutz, Myers, and Rodahl j 7  studied the effect 
of bedrest in  four healthy men. These subjects remained under observation for three weeks 
and they spent 18 days on a program of physical exercise for training. Then they were 
submitted to 40 days of rest followed by 18 days of observation and physicai retraining. 
The immobilization was not complete since the individuals were allowed to move their legs 
and arms while i n  bed; but they remained horizontal at a l l  times even for feeding and for 
emunctory functions. 
interpreted in  the l ight of the experimental conditions under which the study was conducted. 
The period of physical conditioning had physiological effects on the subjects. From a 
theoretical standpoint the effects were opposite to those of bedrest and to some extent the 
in i t ia l  impact of bedrest on these individuals was minimized because of their physical 
condition at the t ime that the rest began. 
effect of bedrest on the cardiovascular system because most of the tests before rest were 
obtained during cardiac catheterization which could not be repeated following the bedrest. 
I t  i s  l ikely that the stress of the cardiac catheterization yielded cardiac dynamic values 
that are not typical of the response of the healthy subjects to passive tilt since two of the 
individuals had hypotension even before they were subjected to bedrest. After bedrest 
three subjects developed hypotension and the fourth subject had to be excluded because of 
a severe cardiovascular disturbance when cardiac catheterization was attempted. The 
results of blood pressure changes i n  the course of t i l t are not available. The subjects were 
supported with a foot board during t i l t .  The authors' data appear conclusive on the effect 
of bedrest on the cardiovascular response to exercise. Their subiects had a higher cardiac 
output during exercise after bedrest. This was due to  an increase in  heart rate and in  
stroke volume, but the latter did not occur at high work loads probably as a result of 
tachycardia. 
metabolic results on creatinine, nitrogen, calcium, phosphorus excretions, 17-ketosteroids, 
and catecholamine excretions are d i f f icu l t  to interpret because the urines of each subject 
were pooled over a six-day period of time. There were no studies of the mineral losses 
through the stools. An unusually high calcium content (1734 mg.) diet  was used. In this 
study i t  i s  reported that there was an increase in  urinary output of nitrogen, calcium, 
and phosphorus but no significant change i n  catecholamines or i n  serum creatinine excre- 
tion. 
that this had any statistical significance. 

The cardiovascular and metabolic results of this study must be 

I t  i s  di f f icult  to establish an assessment of the 

The subjects required about 18 days to recover the control heart rate. Their 

The ketosteroid values were slightly higher following bedrest, but it i s  questionable 

CONCLUSION 

Although the number of studies of the effect of bedrest and water immersion have 
been abundant, the volume of information available i s  not commensurate to the efforts 
made hereto. 
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In all, the effect of bedrest has been evaluated in  83 subjects (30 of whom were 
allowed to sit up in  bed) and the effect of water immersion i n  33 subjects. 

There i s  a wide variety of experimental conditions i n  each study which precludes 
any pooling of data to help evaluate the significance of some of the findings. 

If one accepts that the effect of bedrest deserves further study, the following 
a reas of investigation require spec ia 1 at tent ion: 

1 .  

2. 

3. 

4. 

5. 

6. 

7. 

The effect of bedrest must be quantified on a wider variety of healthy subjects 
of different age, occupation, physical training habits, and physiological 
condition. 

Greater emphasis must be made on evaluating the dynamic characteristics 
of the physiological and metabolic changes occurring throughout the period 
of immobilization. 
rhythms in  the behavior of the physiological systems. 

There must be an identification of the fluctuations and 

There i s  a need to define further the changes in the body composition and 
fluid shifts occurring during recumbency, and these changes must be 
evaluated serially. 

There i s  a need to document the fluctuations in  cardiac dynamics during 
bedrest. Indirect methods for assessing cardiac dynamics should be pre- 
ferred over current techniques, for they would permit the evaluation of 
the subject wi th minimum disturbance. 

There i s  a need to delineate further the mechanism of orthostatic hypo- 
tension resulting from bedrest and to study the dynamic changes in  the 
circulatory and neuroregulatory centers during passive t i l t .  A biocyber- 
netic approach to the study of the cardiovascular responses may contribute 
greatly to this evaluation. 

The neuroendocrine responses to prolonged immobilization must be I i ke- 
wise studied in  a dynamic fashion. It i s  important to determine the role 
played by the hypothalamic - pituitary - adrenal axis under these condi- 
tions. 

Finally, i t  would be useful to consider the possible differences i n  time 
constants of changes i n  the neural, hormonal, and metabolic controls of 
the physiological changes occurring during bedrest. 

12 



. 

REFERENCES 

1 .  Cuthbertson, D. P.: The Influence of Prolonged Muscular Rest on Metabolism. 
Biochem. 23: 1328, 1929. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

Taylor, H. L., Erickson, L. Henschei, A . ,  and Keys, A.: The Effect of Bed 
Rest on the Blood Volume Gf Normal Young Men. Amer. J. Physiol. 
144: 227, 1945. 

Taylor, H. L.,  Henschel, A., Brozek, J . ,  and Keys, A.: Effects of Bed Rest 
on Cardiovascular Function and Work Performance. J. Appl. Physiol. 
2: 223, 1949. - 

Deitrick, J .  E., Whedon, G. D., and Shorr, E.: The Effects of Immobilization 
on Various Metabolic and Physiologic Functions of Normal Men. Amer. 
J .  Med. 4: 3, 1P48. - 

Spealman, C. R., Bixby, E. W., Wiley, J .  L . ,  and Newton, M.: Influence 
of Hemorrhage, Albumin Infusion, Bed Rest, and Exposure to Cold on 
Performance in the Heat. J. Appl. Physioi. 1: 242, 1948. - 

Whedon, G. D. , Deitrick, J .  E., and Shorr, E.: Modification of the Effects of 
Immobilization Upon Metabolic and Physiologic Functions of Normal Men 
by the Use of an Oscillating Bed. Arner. J. Med. 6: 684, 1949. - 

Widdowson, E.M. and McCance, R. A.: The Effect of Rest in Bed on Plasma 
Volume. Lancet 258: 539, 1950. - 

Graybiel, A. and Clark, B.: Symptoms Resulting from Prolonged lmrnersion i n  
Water. The Problem of Zero G Asthenia. Aerospace Med. 32: 181 , 1961. - 

Graveline, D. E., Balke, B., McKenzie, R. E., and Hartman, B.: Psychobio- 
logical Effects of Water-lmmersiori-Induced Hypodynamia. Aerospace 
Med. 32: 387, 1941. - 

Beckman, E. L., Coburn, K. R., Chambers, R. M., DeForest, R. E., Augerson, 
W. S., and Benson, V. G.: Physiologic Changes Observed in Human 
Subjects During Zero G Simulation by lmrnersion in Water up to the Neck 
Level. Aerospace Med. 32: 1031 , 1961. - 

13 



11. 

12. 

13. 

14. 

15. 

16. 

17. 

14 

Graveline, D. E. and Barnard, G. W.: Physiologic Effects of a Hypodynamic 
Environment: Short-term Studies. Aerospace Med. 32: 726, 1561. - 

Benson, V. G., Beckman, E. L., Coburn, K. R., and Chambers, R. M.: Effects 
of Weightlessness as Simulated by Total Body Immersion Upon Human 
Response to Positive Acceleration. Aerospace Med. 33: 198, 1962. - 

Graveline, D. E.: Maintenance of Cardiovascular Adaptability During Prolonged 
Weightlessness. Aerospace Med. - 33: 297, 1962. 

Graveline, D. E. and Jackson, M. M.: Diuresis Associated with Prolonged 
Water Immersion. J. Appl. Physiol. 17: 519, 1962. - 

Browse, N. L.: Effect of Bed Rest on Resting Calf Blood Flow of Healthy Adult 
Males. Brit. Med. J. 1: 1721, 1962. - 

Brannon, E. W., Rockwood, C. A., and Potts, P.: Prevention of Debilitating 
M usc uloske le  ta I D isorders; P hysiolog i ca  1 Cond it ioni ng for Prolonged 
Weightlessness. Aerospace Med. 34: 900, 1963. - 

Birkhead, N. C., Blizzard, J. J., Daly, J .  W., Haupt, G. J., issekutz, B,Jr. , 
Myers, R. N., and Rodahl, K.: Cardiodynamic and Metabolic Effects of 
Prolonged Bed Rest. Technical Documentary Report No. AMRL-TDR-63-37. 
May, 1963. 

NASA- Langley, 196 5 CR -171 


